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Techniques for improving the conductivity of copper (Cu)-
filled vias are provided. In one aspect, a method of fabricating
aCu-filled viais provided. The method includes the following
steps. A via is etched in a dielectric. The via is lined with a
diffusion barrier. A thin ruthenium (Ru) layer is conformally
deposited onto the diffusion barrier. A thin seed Cu layer is
deposited on the Ru layer. A first anneal is performed to
increase a grain size ofthe seed Cu layer. The via is filled with
additional Cu. A second anneal is performed to increase the
grain size of the additional Cu.
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1
METHOD AND STRUCTURE TO IMPROVE
THE CONDUCTIVITY OF NARROW COPPER
FILLED VIAS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. application Ser. No.
12/838,597 filed on Jul. 19, 2010, the contents of which are
incorporated herein by reference as fully set forth herein.

FIELD OF THE INVENTION

The present invention relates to wiring structures and more
particularly, to techniques for improving conductivity of cop-
per (Cu)-filled vias.

BACKGROUND OF THE INVENTION

The conductivity of narrow copper (Cu)-filled vias in cur-
rent high density wiring technology is degraded by the small
grain size of the Cu in vias of these dimensions. Conventional
techniques involve annealing the Cu-containing structure to
grow the grain size and thus improve the conductivity.

For example, in general, conventional techniques used for
fabricating a Cu-filled via typically involve first forming a via
hole in a dielectric matrix in which the wiring structure is
embedded. Second, the via hole is lined with a diffusion
barrier to prevent the diffusion of Cu into the dielectric. This
diffusion barrier typically includes tantalum nitride (TaN)
deposited directly onto the dielectric, and tantalum (Ta)
deposited on top of the TaN. Third, a thin layer of seed Cu is
sputter deposited onto the exposed Ta surface, in order to
prepare the via for electroplating. Fourth, an electroplating
process is used to fill the via with Cu. Fifth, the resulting
structure is annealed to grow the Cu grains in the via and
improve the conductivity. This approach, however, has
proven to be of limited effectiveness for these Cu via struc-
tures in terms of enhancing conductivity.

A limiting factor for the growth of large Cu grains is the
size of the grains in the seed Cu layer. These grains in the seed
Cu form a template upon which the electroplated Cu is sub-
sequently deposited, and the grain size of the initially elec-
troplated Cu thus reflects the small grain size exhibited by the
seed Cu layer. Annealing subsequent to Cu electroplating is of
only limited effectiveness in overcoming the initial small
grain structure. The small grain size exhibited by the seed Cu
layer is in great part the result of the thinness of this layer,
along with the degree to which the Cu wets the underlying
diffusion barrier surface. The seed Cu layer thickness cannot
be increased to overcome this problem because the seed Cu,
being formed by a sputtering process, is not deposited con-
formally. Thus if the seed Cu is made too thick in an attempt
to increase its grain size, it will tend to pinch off the openings
to via in the wiring structure, rendering subsequent successful
electroplating impossible.

Therefore, techniques for improving the conductivity of
Cu-filled vias would be desirable.

SUMMARY OF THE INVENTION

The present invention provides techniques for improving
the conductivity of copper (Cu)-filled vias. In one aspect of
the invention, a method of fabricating a Cu-filled via is pro-
vided. The method includes the following steps. A via is
etched in a dielectric. The via is lined with a diffusion barrier.
A thin ruthenium (Ru) layer is conformally deposited onto the
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diffusion barrier. A thin seed Cu layer is deposited on the Ru
layer. A first anneal is performed to increase a grain size of the
seed Cu layer. The via is filled with additional Cu. A second
anneal is performed to increase the grain size of the additional
Cu.

In another aspect of the invention, a Cu-filled via formed in
a dielectric is provided which includes a via, a diffusion
barrier lining the via, a thin Ru layer disposed conformally on
the diffusion barrier, a thin seed Cu layer disposed on the Ru
layer and additional Cu plated onto the thin seed Cu layer
filling the via to form the Cu-filled via. The additional copper
has an average grain width of at least 0.5 times a width of the
via. The width of the via can be from about 20 nanometers to
about 50 nanometers.

A more complete understanding of the present invention,
as well as further features and advantages of the present
invention, will be obtained by reference to the following
detailed description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross-sectional diagram illustrating a dielectric
having been deposited over a substrate and a via etched into
the dielectric according to an embodiment of the present
invention;

FIG. 2 is a cross-sectional diagram illustrating the via
having been lined with a diffusion barrier according to an
embodiment of the present invention;

FIG. 3 is a cross-sectional diagram illustrating a ruthenium
(Ru) layer having been deposited onto the diffusion barrier
according to an embodiment of the present invention;

FIG. 4 is a cross-sectional diagram illustrating a seed cop-
per (Cu) layer having been deposited on the Ru layer to
prepare the via for electroplating according to an embodiment
of the present invention;

FIG. 5 is a cross-sectional diagram illustrating the via
having been filled with Cu according to an embodiment of the
present invention; and

FIG. 6 is a cross-sectional diagram illustrating a Cu-filled
via produced using the present techniques according to an
embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

FIGS. 1-5 are diagrams illustrating an exemplary method-
ology for fabricating a copper (Cu)-filled via. Advanta-
geously, Cu-filled vias formed using the present techniques
show a consistent 10-15% decrease in resistance as compared
to structures produced using conventional techniques. To
begin the process, a dielectric is formed over a substrate.

FIG. 1 is a cross-sectional diagram illustrating a dielectric
120 having been deposited over a substrate 100. Dielectric
120 can comprise any suitable dielectric material, including,
but not limited to, one or more of silicon dioxide (SiO,),
silicon-carbon-oxygen-hydrogen materials (e.g., SICOH)
and organic polymers, and can be deposited using any suit-
able deposition process, such as chemical vapor deposition
(CVD), atomic layer deposition (ALD), evaporation, sputter-
ing or solution based techniques, such as spin-on coating, to
athickness of from about 10 nanometers (nm) to about 1,000
nm. Substrate 100 generally represents any wiring or contact
layer in a single or multilayer wiring array. A narrow via 101
is then etched into dielectric 120, using any suitable etching
process, such as reactive ion etching (RIE). According to the
exemplary embodiment shown in FIG. 1, via 101 is formed
having a width w of from about 20 nm to about 50 nm.
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Next, the via is lined with a diffusion barrier. FIG. 2 is a
cross-sectional diagram illustrating via 101 having been lined
with a diffusion barrier 202. According to an exemplary
embodiment, diffusion barrier 202 is made up of two layers.
The first layer, a tantalum nitride (TaN) layer 2024, is depos-
ited onto dielectric 120, to a thickness of from about 5 nm to
about 15 nm, e.g., from about 8 nm to about 12 nm, so as to
line the via. The second layer, a tantalum (Ta) layer 20254, is
deposited onto TaN layer 2024 to a thickness of from about 5
nm to about 15 nm, e.g., from about 8 nm to about 12 nm.
Diffusion barrier 202 prevents the diffusion of Cu (see below)
into the dielectric.

A thin ruthenium (Ru) layer is then conformally deposited
onto the diffusion barrier. FIG. 3 is a cross-sectional diagram
illustrating Ru layer 302 having been deposited onto diffusion
barrier 202 (i.e., onto Ta layer 2025). According to an exem-
plary embodiment, Ru layer 302 is conformally deposited
onto diffusion barrier 202 to a thickness of from about 1 nm to
about 10 nm, e.g., from about 2 nm to about 5 nm using CVD
or ALD with ruthenium carbonyl as a precursor. CVD or ALD
ensures uniform conformal coverage of the Ru on the diffu-
sion barrier (itis undesirable to have any Ta from the diffusion
barrier exposed during the subsequent steps of the process).
Alternatively, Ru layer 302 can be deposited onto diffusion
barrier 202 using a sputter deposition process.

Rulayer 302 serves two purposes. First Rulayer 302 acts as
a wetting agent for a seed Cu layer (see below), to facilitate
the formation of larger seed grains. Second Ru layer 302 acts
to protect the underlying diffusion barrier 202 from oxidation
during an anneal step used to increase the grain size of the
seed Cu layer (see also below). Accordingly, uniform cover-
age by the Ru is important.

A thin seed Cu layer is deposited on the Ru layer. FIG. 4 is
a cross-sectional diagram illustrating seed Cu layer 402 hav-
ing been deposited on Ru layer 302 in order to prepare the via
for electroplating. According to an exemplary embodiment,
seed Cu layer 402 is deposited on Ru layer 302 to a thickness
of from about 20 nm to about 100 nm, e.g., from about 25 nm
to about 35 nm, using a sputter deposition process.

An anneal is then performed to increase the grain size of
seed Cu layer 402. According to an exemplary embodiment,
the anneal is performed at a temperature of from about 150
degrees Celsius (° C.) to about 350° C., e.g., about 250° C., in
forming gas (e.g., hydrogen or a mixture of hydrogen with
any gas with which the substrate would not react, e.g., nitro-
gen or a noble gas). It is notable that this step of annealing the
seed Cu layer is performed before the electroplating used to
fill the via (see below). This produces larger seed grains
which promotes the formation of larger grains in the via after
the electrochemical Cu fill. Further, without the introduction
of Ru layer 302 this seed Cu layer anneal would not be
effective for two reasons. First, the seed Cu layer would be
deposed upon a Ta surface (of the diffusion barrier), which is
poorly wetted by the Cu. The anneal would thus cause the
seed Cu layer to ball up, not form the uniform flat grains
desired. Second, owing to the lack of continuity of the seed
Culayer on the Ta layer (of the diffusion barrier), the exposed
Ta would oxidize (unless the anneal was performed in an
ultrahigh vacuum environment, which would be prohibitively
expensive). The oxidation of the Ta would degrade the elec-
tromigration performance of the structure. Owing to the high
degree of chemical affinity of Ta for oxygen, it would not be
practical to attempt to restore any Ta, once oxidized, to the
metallic state by a subsequent reduction process. By covering
the Ta with a uniform conformal Ru layer, an oxidation resis-
tant noble metal, this problem is avoided in the proposed
structure.
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The via is then filled with additional Cu. FIG. 5 is a cross-
sectional diagram illustrating via 101 having been filled with
Cu 502. According to an exemplary embodiment, Cu 502 is
plated into via 101 using an electroplating process. As shown
in FIG. 5, Cu 502 which will likely overfill the via can be
polished down to be coplanar with the top surface of seed Cu
layer 402, if desired. The Cu 502 overfill can, alternatively, be
left covering the top surface of seed Cu layer 402. See, for
example, FIG. 6, described below. An anneal is again per-
formed, this time to increase the grain size of Cu 502. Accord-
ing to an exemplary embodiment, the anneal is performed at
a temperature of from about 150° C. to about 350° C., e.g.,
about 250° C., in a forming gas.

By increasing the grain size of Cu 502, the conductivity of
the via is also increased. Namely, vias formed by the present
techniques in a test showed a consistent 10-15% decrease in
resistance as compared to conventionally prepared structures.
In the test, the present structures and the conventional struc-
tures were furthermore both subjected to further thermal
cycling treatments to simulate the fabrication of six subse-
quent wiring layers. After such treatment, the 10% to 15%
performance advantage of the present structures was main-
tained.

Increasing the grain size of the seed Cu layer promotes the
formation of larger grains in the via after the electrochemical
Cu fill. This advantage of the present techniques is shown
illustrated schematically in FIG. 6. FIG. 6 is a cross-sectional
diagram illustrating a Cu-filled via produced using the above-
described fabrication process. Cu 602 is representative of the
additional Cu filled into the via, e.g., as per the step described
in conjunction with the description of FIG. 5, above. The
various layers deposited before the Cu fill, e.g., the diffusion
barrier, Ru layer and seed Cu layer (see, for example, FIG. 5,
described above), are not shown for ease and clarity of depic-
tion, however it is to be understood that these layers are
present in this example. Further, by way of contrast to Cu 502
of FIG. 5, the additional Cu fill in FI1G. 6,1.e., Cu 602, overfills
the via. As highlighted above, an optional polishing step can
be employed to remove the overfill if desired.

FIG. 6 is provided to highlight the beneficial grain charac-
teristics of the instant techniques. Specifically, by first grow-
ing the grain size of the seed Cu layer, see above, larger, more
uniform grains are achieved in the via after the additional Cu
fill and final anneal, see also above. By way of example only,
the grain size g attained in Cu 602 is at least about 0.5 times
the feature size. Grain size g can be quantified as a linear
dimension measured as a cross-sectional width of the grain
(see FIG. 6). Feature size can be quantified as a cross-sec-
tional width of the feature (the via in this example) (see FI1G.
1). Thus in this case, on average, the grains of the additional
Cu 602 (post final anneal) have a cross-sectional width that is
at least 0.5 times the cross-sectional width of the via. It is
possible with the present techniques to attain grains in the
additional Cu fill that have a cross-sectional width that is
equal to the cross-sectional width of the via. See FIG. 6.

It is also notable that the grain size is fairly uniform in the
present structures. By way of example only, the grain size
(measured, e.g., based on cross-sectional grain width as
described above) does not vary by more than 25 percent
throughout the via.

By comparison, with conventional techniques non-uni-
form grain sizes would be produced throughout the via, with
larger grains being produced on top and smaller grains being
produced on the bottom of the via (where the Cu is more
spatially confined). The cross-sectional width of these
smaller grains is typically about 0.2 times the cross-sectional
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width of the via, an order of magnitude smaller than is pro-
duced with the instant techniques.

Although illustrative embodiments of the present invention
have been described herein, it is to be understood that the
invention is not limited to those precise embodiments, and
that various other changes and modifications may be made by
one skilled in the art without departing from the scope of the
invention.

What is claimed is:

1. A copper-filled via formed in a dielectric, comprising:

a via;

a diffusion barrier lining the via;

a thin ruthenium layer disposed conformally on the diffu-
sion barrier so as to uniformly cover the diffusion bar-
rier;

a thin seed copper layer disposed on the ruthenium layer;
and

additional copper plated onto the thin seed copper layer
filling the via to form the copper-filled via, wherein the
additional copper has an average cross-sectional grain
width of at least 0.5 times a cross-sectional width of the
via and with grain width varying no more than 25 per-
cent throughout the via.

2. The copper-filled via of claim 1, wherein the via has

width of from about 20 nanometers to about 50 nanometers.

3. The copper-filled via of claim 1, wherein the diffusion

barrier comprises:

a tantalum nitride layer lining the via; and

a tantalum layer on the tantalum nitride layer.

4. The copper-filled via of claim 3, wherein the tantalum

nitride layer has a thickness of from about 5 nanometers to
about 15 nanometers.
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5. The copper-filled via of claim 3, wherein the tantalum
nitride layer has a thickness of from about 8 nanometers to
about 12 nanometers.

6. The copper-filled via of claim 3, wherein the tantalum
layer has a thickness of from about 5 nanometers to about 15
nanometers.

7. The copper-filled via of claim 3, wherein the tantalum
layer has a thickness of from about 8 nanometers to about 12
nanometers.

8. The copper-filled via of claim 1, wherein the ruthenium
layer has a thickness of from about 1 nanometer to about 10
nanometers.

9. The copper-filled via of claim 1, wherein the ruthenium
layer has a thickness of from about 2 nanometers to about 5
nanometers.

10. The copper-filled via of claim 1, wherein the seed
copper layer has a thickness of from about 20 nanometers to
about 100 nanometers.

11. The copper-filled via of claim 1, wherein the additional
copper has grains with a cross-sectional width that is equal to
the cross-sectional width of the via.

12. The copper-filled via of claim 1, wherein the additional
copper overfills the via.

13. The copper-filled via of claim 12, wherein the addi-
tional copper covers a top surface of the thin seed copper
layer.

14. The copper-filled via of claim 1, wherein the additional
copper has a top surface that is coplanar with a top surface of
the thin seed copper layer.

15. The copper-filled via of claim 1, wherein the dielectric
material is made of silicon-carbon-oxygen-hydrogen (SI-
COH) materials.



